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PLASMA FLOW I N  A MULTIPOLE FIELD 

The flow of i o n i z e d  gas (plasma) and i ts  i n t e r a c t i o n  
w i t h  magnet ic  f i e l d s  a r e  b a s i c  areas of plasma research. 
C o n t r o l  of t h e  s ta te  of t h e  p l a s m a g  its d i r e c t i o n  of f low 

and i t s  p u r i t y  are among t h e  broad a p p l i c a t i o n s  of knowledge 
i n  these a r e a s .  S p e c i f i c a l l y ,  t h i s  experiment  is concerned 
w i t h  measuring t h e  behavior  of a plasma as i t  e n t e r s  and 
f lows a long  t h e  "magnetic channel" c r e a t e d  by a m u l t i p o l e  
magnet ic  f i e l d .  Measurements w i l l  be made t o  de te rmine  
changes i n  t h e  d e n s i t y  and ene rgy  of  t h e  plasma a s  i t  moves 
down t h e  f i e l d  and t o  determine l o c a l  p lasma-f ie ld  i n t e r -  
a c t i o n s ,  i . e .  e l ec t r i c  f i e l d s ,  ev idence  of t u r b u l e n t  f low 
and l o s s  of p a r t i c l e s  from t h e  stream. 

SUMMARY AND CONCLUSIONS 

A c o n i c a l  the ta -p inch  gun h a s  been b u i l t  and i ts  pe r -  
formance measured. T e s t s  t o  date show gun performance t o  be 
i n  g e n e r a l  agreement w i t h  performance r e p o r t e d  i n  o the r  i n -  
v e s t i g a t i o n s  ( R e f s  1 and 2 ) .  Plasma v e l o c i t i e s  of from 3 t o  
7 x 10 cm/sec were measured for  hydrogen (Pig.  3 ) .  The m u l t i -  
p o l e  f i e l d  h a s  been des igned;  f a b r i c a t i o n  w i l l  b eg in  i n  t h e  

n e a r  f u t u r e .  
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Measurements of t h e  c o n i c a l  t he t a -p inch  gun per -  
formance w i l l  be a p r i m a r y  a r e a  of e f f o r t  i n  t h e  immediate 
f u t u r e ,  T h i s  w i l l  bo th  add t o  o u r  unde r s t and ing  of t h e  gun 
and s e r v e  t o  p e r f e c t  d i a g n o s t i c s  f o r  t h e  experiment .  F a b r i -  
c a t i o n  and i n i t i a l  t e s t i n g  of t h e  m u l t i p o l e  f i e l d  and power 
supp ly  w i l l  a l s o  go forward i n  t h i s  pe r iod .  Once t h e  gun 
and m u l t i p o l e  f i e l d  are ready,  f low i n  t h e  f i e l d  w i l l  be 

s t u d i e d  a t  s e v e r a l  d e n s i t y - p a r t i c l e  energy c o n d i t i o n s .  I f  
necessa ry ,  t h e  the t a -p inch  gun w i l l  be used  t o  ex tend  t h e  

a v a i l a b l e  range of  c o n d i t i o n s .  

DlSCUSSION 

The m u l t i p o l e  magnetic f i e l d  is shown i n  F i g .  1. The 

f o u r  c i r c u l a r  conductors  car ry  c u r r e n t  i n  t h e  same d i r e c t i o n .  
C u r r e n t  r e t u r n s  i n  t h e  o u t e r  conduct ing  sheet, contoured  t o  
approximate a f l u x  l i n e .  The s l o t s  i n  t h i s  w a l l  p rovide  
means f o r  o p t i c a l  measurement and access f o r  i n s t r u m e n t a t i o n .  
T h e  d i a g o n a l  d i s t a n c e  between conductors  w i l l  be 4-112 i n c h e s  
and peak c u r r e n t  pe r  conductor  w i l l  be 40,000 amperes. F i e l d  
s t r e n g t h  is z e r o  on t h e  a x i s ,  about  2 k i l o g a u s s  i n  a r e g i o n  
about  s even- t en ths  of t h e  way t o  a conductor  and approxi -  
m a t e l y  10 k i l o g a u s s  i n  the  b r i d g i n g  r e g i o n  i n  back of  t h e  

conductors .  The b r i d g e  w i d t h  is e q u i v a l e n t  t o  s i x  gyro r a d i i  
f o r  p r o t o n s  of  100 e V  pe rpend icu la r  energy. Ohkawa and K e r s t  
(Ref. 3) have shown t h a t  t h e  m u l t i p o l e  f i e l d  p rov ides  hydro- 
m a g n e t i c a l l y  s tab le  confinement of s t a t i o n a r y  plasma. 

A br ie f ,  first order,  d e s c r i p t i o n  of plasma behavior  
i n  t h i s  experiment fo l lows .  W e  beg in  w i t h  t h e  plasma e n t e r i n g  
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t h e  f i e l d  w i t h  an i n i t i a l  a x i a l  v e l o c i t y .  Where f i e l d  and 

plasma mix, e lectr ic  f i e l d  w i l l  be e s t a b l i s h e d  o r thogona l  t o  
t h e  magnet ic  f i e l d  t o  main ta in  t h e  a x i a l  d r i f t .  Grad ien t  B 

d r i f t  f i e l d s ,  o r  magnetic p r e s s u r e  i n  t h e  case of a h i g h l y  
d iamagnet ic  plasma, w i l l  ac t  t o  c o n t r a c t  t h e  plasma r a d i a l l y  

and extend i t  a x i a l l y .  Some plasma w i l l  extend a long  f i e l d  
l i n e s  i n t o  t h e  b r i d g i n g  reg ion .  P a r t i c l e s  w i l l  be l o s t  from 
t h e  main plasma stream by c o n t a c t  w i t h  t h e  conductor  sup- 
p o r t s  i n  t h e  b r i d g i n g  r eg ion  and p o s s i b l y  by " s t r i p p i n g "  o f f  
of p a r t i c l e s  a t  t h e  p lasma-f ie ld  boundary. Turbulent  f low 
e f f e c t s  may a l s o  appear  i n  some r e g i o n s  of  t h e  p lasma-f ie ld  
i n t e r f a c e .  I t  w i l l  be l e f t  t o  t h e  measurements t o  r e v e a l  
t h e  more complex f e a t u r e s  of t h i s  p lasma-f ie ld  experiment .  

Our p r e s e n t  p l a n  for  t h e  experiment  is t o  make o u r  
f i r s t  s t u d i e s  on  plasma i n  a r e g i o n  where c o l l i s i o n s  shou ld  
p l a y  a major r o l e ,  i . e . ,  d e n s i t y  about  1015 and pa r t i c l e  

energy of a few t e n s  of e l e c t r o n  v o l t s .  Once w e  have a t -  
t a i n e d  a degree  of unders tanding  of t h i s  regime, plasma gun 
parameters  w i l l  be changed t o  p rov ide  h ighe r  p a r t i c l e  ene r -  
g i e s .  
200 e V  w i l l  be s t u d i e d .  

D e n s i t i e s  as low a s  1013 and p a r t i c l e  energy up t o  

We a r e  s t i l l  cons ide r ing  t h e  i n s t r u m e n t a t i o n  r e q u i r e -  

ments f o r  t h i s  experiment .  The d e v i c e s  and in s t rumen t s  which 
w e  a r e  now p lann ing  a r e  d i scussed  here. An image c o n v e r t e r  
camera w i l l  obse rve  t h e  m u l t i p o l e  f i e l d  r e g i o n  both a x i a l l y  
and t r a n s v e r s e l y  t o  provide  h e l p f u l  v i s u a l i z a t i o n  of t h e  
p l a sma  flow. Magnetic probes w i l l  measure d iamagnet ic  e f f e c t s  
and p o s s i b l y  tu rbu lence .  Ca lo r ime te r s  and a s m a l l  b a l l i s t i c  

pendulum w i l l  de te rmine  t h e  momentum and energy cross s e c t i o n  
of t h e  flow. An energy ana lyze r  w i l l  g i v e  t ime-reso lved  
p a r t i c l e  energy d a t a .  Electr ic  f i e l d s  i n  t h e  boundary r e g i o n  
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w i l l  be measured w i t h  e l e c t r o s t a t i c  double  probes .  We w i l l  
t r y  t o  measure p a r t i c l e s  l o s t  i n t o  t h e  s t a t i c  magnet ic  f i e l d  
from t h e  p a s s i n g  plasma by use of t h e  "plasma eater" d e v i c e  
described by Alexeff and Ne id igh  (Ref. 4 ) .  

F i g u r e  2 shows some of t h e  e a r l y  d a t a  o b t a i n e d  w i t h  

t h e  c o n i c a l  gun. Data are shown f o r  two o p e r a t i n g  c o n d i t i o n s .  
I n  b o t h  cases t h e  main c o n i c a l  c o i l  was d r i v e n  i n  t h e  same 
manner - 2100 J o u l e  bank s t o r a g e ,  80 kc r i n g  f requency ,  26 
k i l o g a u s s  peak f i e l d  and f i e l d  s t r e n g t h  r a t i o s  of  1 . 2 5  from 
muzzle t o  breech. 

f i e l d  of 2000 gauss .  We see here i n t e g r a t e d  s i g n a l s  from 
magnet ic  l o o p s  p l aced  a t  10  c m  i n t e r v a l s  a l o n g  t h e  f i e l d .  I n  
these r e c o r d s  plasma is s e e n  f o r  each o f  s e v e r a l  h a l f - c y c l e s .  
I n  t he  experiment  t h e  gun c u r r e n t  w i l l  be sho r t  c i r c u i t e d  a t  
t h e  second h a l f - c y c l e  maximum e l i m i n a t i n g  these s u c c e s s i v e  
low energy plasma o u t p u t s  from t h e  gun and r e d u c i n g  i n t e r -  
f e r e n c e  w i t h  measurements. 

I n  these tes ts  t h e  gun is f i r e d  i n t o  a BZ 

The p r i n c i p a l  d i f f e r e n c e  i n  t h e  two r e c o r d s  d e r i v e s  
from t h e  i n i t i a l  g a s  d i s t r i b u t i o n  s e t  up by t h e  f a s t  g a s  
v a l v e  which  p r o v i d e s  hydrogen f o r  t h e  gun. I n  C a s e  I ,  w e  
have a h i g h e r  plenum p r e s s u r e  b u t  a s h o r t e r  t i m e  e l a p s e d  
from a c t i v a t i o n  o f  g a s  v a l v e  t o  f i r i n g  o f  t h e  gun. T h e  t i m -  

i n g  o f  these e v e n t s  and t h e  d i s t a n c e s  are  s u c h  t h a t  w e  be- 

l i e v e  t h a t  i n  Case I t h e  gun is  f i r ed  a t  a lower g a s  d e n s i t y  
and w i t h  on ly  a s m a l l  amount o f  g a s  ahead o f  t h e  gun. I n  
Case 11, d e n s i t y  shou ld  be near its peak v a l u e  and comparable 
v a l u e s  of g a s  d e n s i t y  should  be found many c e n t i m e t e r s  ahead 
of  t h e  gun. 

The  r e c o r d s  for Case I1 show c lear ly  t h e  l o n g i t u d i n a l  
s p r e a d i n g  and d e c r e a s i n g  l a t e r a l  energy of  t h e  plasma as i t  
p roceeds  down t h e  f i e l d .  A h i g h e r  plasma v e l o c i t y  is e v i d e n t  

i n  Case I .  S i g n a l s  from t h e  plasma o r i g i n a t i n g  w i t h  t h e  sec- 
ond ha l f - cyc le  o f  gun c u r r e n t  have been emphasized i n  F i g .  2 .  
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The da t a  from these second h a l f - c y c l e  s i g n a l s  are 
p l o t t e d  i n  F ig .  3 .  A s  i n d i c a t e d  t h e  s lower  mode v e l o c i t y  
is 3 x l o 6  cm/sec w h i l e  t h e  f a s t e r  mode g i v e s  c l o s e  t o  7 x 
10 cm/sec. T h e  decrease of t r a n s v e r s e  energy  d e n s i t y  w i t h  

t i m e  due t o  l o n g i t u d i n a l  e x t e n s i o n  of t h e  plasma is e v i d e n t .  

6 

I -  

&' 

. 

- 5 -  



. The Johnr Hopkint University 
- APPLIED C I I W I G S  LABORATORY 

Silvw Spring, Maryland 

. 

REFERENCES 
Y 

i 

L 
c 

1. F .  Waelbroeck e t  a l ,  Nuclear Fusion,  1962 Supplement, 
P a r t  2 ,  p. 675. 

2. J. J a c q u i n o t ,  C.  Leloup, J. P. P o f f e ,  and F. Waelbroeck, 
Proceedings ,  S i x t h  I n t e r n a t i o n a l  Conference - on I o n i z a -  
t i o n  Phenomena - i n  Gases, 1963, V o l .  I V ,  p. 469. 

3. T. Ohlrawa and D.  W .  Kerst, Nuovo C i m e n t o ,  1961, Vol. 4 ,  

p .  784. 

4. I .  Alexeff  and R.  V.  Neidigh, Nuclear Fus ion ,  1963, V o l .  
3, p.  23. 

- 6 -  



J 

MULTIPOLE FIELD CONFIGURATION 

FIGURE 1 
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